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Abbreviation Full name 
ATM Ataxia telangiectasia mutated 
ATR ATM and Rad3 related 
ATRIP ATR-interacting protein 
bFGF basic Fibroblast Growth Factor 
Brca1 Breast cancer susceptibility gene 1 
Chk1 Checkpoint kinase 1 
Chk2 Checkpoint kinase 2 
Dai  Daidzein 
DDR DNA Damage Response 
DMEM Dulbecco’s modified Eagle’s medium 
DMSO Dimethyl sulfoxide 
DSB Double Strand Breakage 
ECL Enhanced chemiluminescence 
EDTA Rthylene diaminetetraacetic acid 
EGF Epidermal Growth Factor 
FBS Fetal bovine serum 
FCM Flow cytometry 
Gen  Genistein 
hTEP1 human Telomerase Associated Protein 1  
hTERT Human telomerase reverse transcriptase 




















NBS Nijmegen Breakage Syndrome 
NCS Neocarzinostatin 
PBS Phosphate-Buffer Saline 
PHC Primary Hepatic Carcinoma 
PI Propidium Iodide 
PI3-K Phosphotidyl Inositol 3-Kinase 
PTK Protein Tyrosine Kinase 
ROS Reactive Oxygen Species 
SDS Sodium Dodecyl Sulfate 
SCGE Single Cell Gel Electrophoresis 
TF Tissue Factor 
TGF-α Transforming Growth Factor-α 
TRAP Telomerase Repeat Amplification Protocol 
uPA urokinase type Plasminogen Activator 
UV Ultraviolet 

















Genistein 和 Daidzein 影响肝癌细胞 HepG2 增殖的分子机理研
究 
 





展方向。Genistein 和 Daidzein 是大豆异黄酮的两种主要成分，二者结构相似
且都具有广泛的生物学功能。目前对二者抗肿瘤增殖的研究主要集中在前列腺
癌、乳腺癌等性激素依赖性肿瘤方面，而针对抑制肝癌细胞增殖的研究较少。本
课题以人肝癌细胞株 HepG2 为研究对象，通过 MTT 分析表明 Genistein 和
Daidzein 都可以时间和剂量依赖的方式抑制肝癌细胞的增殖。流式细胞术和凋
亡相关蛋白检测表明，Genistein和 Daidzein都可通过引发周期阻滞（Genistein







行分析，结果表明 Genistein 和 Daidzein 都可不同程度地引发细胞内的 DNA 损
伤并激活 DNA 损伤检控点的多种蛋白，Genistein 引发 G2-M 期阻滞可能主要通过
DNA 损伤活化 ATM-Chk2-Cdc25C-Cdc2 通路来完成，而 Daidzein 如何通过 DNA
损伤信号通路引发 G1-S 期阻滞尚不明了。 
我们还分析了 Genistein 和 Daidzein 对端粒酶活性的影响。因为端粒酶活
化是大多数肿瘤细胞维持端粒长度并获得永生化的必要条件，如果某种药物能抑
制端粒酶的活性就可阻断端粒的合成，从而使细胞退出增殖周期，达到抑制肿瘤
















Daidzein 抑制端粒酶活性的原因在于二者都可降低转录因子 c-myc 含量从而抑
制 hTERT 的表达，还可通过降低 Akt 蛋白 473 位点 Ser 的磷酸化来抑制 hTERT 的
活性修饰。 
总之，我们的研究表明 Genistein 和 Daidzein 都具有引发 DNA 损伤和抑制
端粒酶活性来的功能，都是极具开发前景的抗肝癌药物。 















Molecular Mechanism of Growth Inhibition of Human 
Hepatocellucar Carcinoma Cell Line HepG2 with 
Genistein and Daidzein 
Abstract 
 
Primary hepatic carcinoma (PHC) is a kind of malignancies worldwide 
of morbidity and mortality.Up to now,surgical resection is still the main 
route but usually unsatisfied because hepatoma often accompanies by 
cirrhosis and early metastasis in liver. Chemotherapy is also unsatisfied 
because of its toxicity and side effects. Therefore, the current study 
focuses on finding noncelltoxical drugs which can suppress human hepatoma 
and improve the life quality of patients.Genistein and Daidzein are 
essential components of soy isoflavone which have similar structures,and 
they both have extensive biological function.Most studies focus on 
hormone-dependent neoplasms such as prostatic carcinoma and 
mastocarcinoma,few studies have addressed about their inhibition effect 
on human hepatoma cells,so we took human hepatoma cell line HepG2 as 
research object. MTT assay showed that Genistein and Daidzein both 
suppressed the proliferation of HepG2 cells in dose and time-dependent 
manner. Flow cytometry and detection of apoptosis proteins showed that 
Genistein and Daidzein both induced cell cycle arrest(Genistein induced 
G2-M phase arrest,and Daidzein induced G1-S phase arrest) and apoptosis 
regulated by Bcl-2 protein family. In order to explore molecular mechanism 
of their growth inhibition,we studied through analysis of effects of 
Genistein and Daidzein on DNA damage and telomerase activity regulation 
signal pathway. 















effect,DNA damages induce cell cycle arrest and apoptosis via checkpoint 
system. SCGE,western blot and analysis associated with Caffeine showed 
that Genistein and Daidzein both induced DNA damage and activated several 
DNA damage proteins. Genistein may induce G2-M phase arrest though 
ATM-Chk2-Cdc25C-Cdc2 pathway,while the mechanism of  G1-S  phase arrest 
induced by Daidzein is still unclear. 
We also valued the effects of Genistein and Daidzein on telomerase 
activity.Telomerase activation is a key tumor marker which immortalizes 
cell.If a medicine blocks telomere prolonging by attenuation of 
telomerase activity, it could inhibit tumor cells proliferation. TRAP 
silver-staining analysis showed that HepG2 cell telomerase activity were 
decreased by treatment of Genistein and Daidzein.On one hand, they both 
inhibit expression of c-myc and hTERT.On the other hand, active 
modifyication of hTERT are blocked by their inhibition of phosphorylation 
of Akt. 
In summary,Genistein and Daidzein both inhibit HepG2 cell 
proliferatation by inducing DNA damage and decreasing of telomerase 
activity,so they are both potential antitumous medicines in the future. 
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1. 大豆异黄酮抗癌功能研究进展 
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